This study was carried out at the experimental orchard, Faculty of Agriculture, Assiut University, Egypt, to investigate the effect of boron, zinc and silicon foliar spray on growth and fruiting of Balady mandarin trees during 2016 and 2017 seasons.
Introduction
Citrus is one of the most important horticultural crops in the world as well as in Egypt. It has a tremendous economical impact not only in the local market, but also for export. The total area devoted for citrus grown in Egypt is estimated as 530.415 feddan producing 4.402.180 ton of fruit with an average of 9.4 ton/fed. Mandarin trees are ranked in Egypt as the second citrus species after orange, representing 21.7% of the total citrus production (Ministry of Agriculture Statistics, (M.A.L.R.) 2016).
Citrus orchards are facing problems of fruit size, color, quality and excessive premature fruit drop which are due to the deficiencies of essential nutrients (Ibrahim et al., 2007) . Nowadays, many efforts have been established for finding out the best horticulture practices that are responsible for enhancing yield and fruit quality of balady mandarin trees. Using zinc, boron and silicon are considered the best treatment for solving the problem of yield decline and inferior fruit quality of citrus trees. Produce yield with poor quality due to of micronutrients deficiencies. Citrus growers often use micronutrient fertilizers (Catara, 1987) . Foliar spray of micronutrients has been reported to be more effective than soil applications in curing their deficiencies in citrus. Different workers suggested that the application of suitable combinations of macro-and micronutrients can control the fruit trees yield (Aziz et al., 2002; Epstein and Bloom, 2003; Abd-Allah, 2006; Ahmad et al., 2009; Ashraf et al., 2012; Abd El-Motty and Orabi, 2014) .
Zinc is an important microelement which is essential for plants due to its involvement in the synthesis of tryptophan which is a precursor of indole acetic acid synthesis. It is important in starch metabolism, which acts as co-factor for many enzymes and affects photosynthesis reaction, nucleic acid metabolism and protein biosynthesis (Swietlik, 1999) .
Boron as an essential micronutrient plays an important role in increasing pollen grains germination and pollen tube elongation, resulting in increases in the fruit set percentage and the yield. It is responsible for stimulating cell division, biosynthesis and translocation of sugars, water and nutrient uptake, tolerance of fruit crops to different disorders, nutrient uptake and the biosynthesis of IAA (Nijjar, 1985; Ahmad et al., 2009) .
Silicon is the most abundant element in the soil after to oxygen and comprises 28 percent of its weight and 3-17 percent in soil solution. Potassium silicate is a source of highly soluble potassium and silicon. It is used in agricultural production systems primarily as a silica amendment and has a benefit in supplying small amounts of potassium for plants (Epstein, 1999; Ma and Takahashi, 2002) .
Silicon is beneficial for counteracting the adverse effects of water stress on growth nutritional status of the plants. It is responsible for encouraging water transport and root growth under unfavorable conditions and promoting antioxidant defense system (Epstein, 1999; Alvarez and Datnoff, 2001; Melo et al., 2003; Epstein and Bloom, 2003; Hattori et al., 2005) .
Using silicon in fruit orchards alleviates the adverse effects of drought on growth and plant pigments as well as the nutritional status of plants (Kanto, 2002; Ma and Takahashi, 2002; Gad El-Kareem, 2012; Ibrahim and Al-Wasfy, 2014) .
Previous studies showed that the application of boron, zinc and silicon was very effective in enhancing the growth yield and fruit quality of different citrus species (Parveen and Rahman, 2000; Ram and Base, 2000; Matichenkov et al., 2000; El-Baz, 2003; Hassan-Al-Sayada, 2004; Abd-Allah, 2006; Tariq et al., 2007; Sajid et al., 2010; Ashraf et al., 2012; Sarrwy et al., 2012; Razzaq et al., 2013; Abd-El-Motty and Orabi, 2014; Ibrahim and Al-Wasfy, 2014; Aly et al., 2015; Mohamed-Shaimaa and El-Tanany, 2016) .
So, the present study aims to investigate the response of Balady mandarin trees to boron, zinc and silicon foliar spray.
Materials and Methods
This study was conducted during 2016 and 2017 seasons on twenty four trees, fourty five years old Balady mandarin trees (Citrus reticulate, Blanco) on grafted sour orange rootstock in the Experimental Orchard of Faculty of Agriculture, Assiut University, Egypt, where the soil texture is clay and well drained with a water table not less than two meter deep and the trees are planted at 5x5 meters apart. The trees were irrigated with water of EC= dS/m) through surface irrigation system (Salinity= 250 ppm).
The selected trees received a basal recommended N, P and K fertilization, FYM as well as other normal horticulture practices such as pruning, hoeing, irrigation and pest management.
This investigation included the following eight treatments:
1-Control (untreated trees). 2-Spraying boron at 0.025%.
3-Spraying boron at 0.050%. 4-Spraying zinc at 0.05% 5-Spraying zinc at 0.10%. 6-Spraying silicon at 0.10%. 7-Spraying silicon at 0.20%. 8-Spraying boric acid at 0.025, Zinc at 0.05 and silicon at 0.10%. The three fertilizers namely boric acid (17% B) at 0.025 & 0.050%, zinc sulphate (35% Zn) at 0.05 & 0.10% and potassium silicate (25% Si and 10% K 2 O) at 0.1 & 0.2% were sprayed three times at growth start (1 st week of March), just after fruit setting (1 st week of May) and after one month of fruit setting (1 st week of June). Triton B as a wetting agent was applied at 0.05% to all spraying solutions and spraying was done till runoff (20 L/tree). The control trees were sprayed with tap water and Triton B only. The experiment was setted up in a randomized complete block design (RCBD) with three replications for each treatment, one tree each.
Four shoots of each tree from the current spring growth cycle were labeled for measuring some vegetative traits.
Shoot length (cm), leaf number/shoot, leaf area (cm 2 ) were estimated by picking and weighing 30 full mature leaves/tree and weighing 60 sections of 1 cm 2 (2 sections of 1 cm 2 /leaf) were recorded and the average leaf area (cm 2 ) was calculated as weight of leaves (g) x 2/sections weight (g) Leaf chlorophyll content was estimated by using chlorophyll meter (SPAD 502 plus) using four leaves/replication from the fourth terminal expended leaf of the shoot.
To determine the shoot total carbohydrates and nitrogen, twenty non fruiting shoots of seven months age of the Spring flush were randomly taken from each replication. Shoot samples were air-dried, ovendried at 70°C to a constant weight, ground in a stainless steel mill and kept for chemical analysis (Nijjar, 1985) . One part of each ground sample was analyzed for the total nitrogen using the semi-microkjeldahl technique (Bremner and Mulvaney, 1982; Wilde et al., 1985) . The other part of each ground shoot sample used to determine the total carbohydrates according to Smith et al. (1956) .
Ten distributed fruiting shoots around trees were chosen and labeled before the beginning of treatments. The flowers per each shoot were recorded. Before harvest, the fruit retention for each branch was calculated as: At the harvesting date in the last week of December. Yield was expressed in weight (kg) per tree.
Twenty fruits were randomly taken from the yield of each tree and from all directions and then, transferred to the laboratory for determining the following physical and chemical characteristics of the fruits.
1-Average fruit weight (g) using an analytical balance. (1995) . Data were tabulated and statistically analysed according to Gomez and Gomez (1984) and Mead et al. (1993) . The new L.S.D test was used to define the significance of the differences between the various treatment means.
Results

1-Vegetative Growth
Table (1) shows the effect of boron, zinc and silicon foliar application singly or in combination on shoot length, leaf number/shoot, leaf area and total chlorophyll percentage of Balady mandarin trees during 2016 and 2017 seasons. It is obvious from the data that the results have a similar trend during the two studied seasons.
Spraying boron, zinc and silicon singly or in combination significantly increased the shoot growth and leaf traits compared to the unsprayed one (control). Increasing the concentration of boron, zinc or silicon in the spray solution did not significantly affected these growth traits. Foliar application of a combination of boron, zinc and silicon significantly increased the growth traits compared to using each one alone. The growth traits decreased with singly spraying these elements in the order of silicon > zinc > boron. No significant differ-ences were observed due to combined boron and zinc spray as well as combined zinc and silicon one.
The maximum value of shoot length and leaf traits was obtained with spraying all these elements in combination.
The highest values of shoot length, leaf area and chlorophyll con-tent were 50.41 cm, 9.38 cm 2 and 53.02% (as an average of both seasons), respectively, due to applying thee elements in combination. On the other hand, their respective least values were 41.22 cm, 7.87 cm 2 and 45.46% (as an average e of both seasons) were detected for the unsprayed trees.
Table1. Effect of the foliar spray of zinc, boron and silicon spraying on shoot length (cm) leaves number/shoot, leaf area (cm 2 ) and chlorophyll content of Balady mandarin trees during 2016 and 2017 seasons. Hence, the increment percentage of shoot length, leaf area, and chlorophyll content attained 22.30, 19.19 and 16.63%, respectively (as an average of both seasons) due to the combined spray of boron, zinc and silicon compared to the control treatment.
2-Total Carbohydrates, Nitrogen Content and C/N Ratio of Shoots
The effect of the foliar application of B, Zn and Si on the shoot contents of carbohydrates and nitrogen as well as C/N ratio of Balady mandarin trees during 2016 and 2017 seasons is present in table 2. The results revealed that the shoot carbohydrates, nitrogen and C/N ratio significantly varied according to the studied treatments. They also show a similar trend during the two studied seasons.
Spraying boron, zinc and silicon singly or in combination significantly increased the total carbohydrates, nitrogen content and C/N ratio of the shoots compared to those of the unsprayed trees.
The maximum values of the shoot carbohydrates, nitrogen content and C/N ratio were 13.11%, 1.39% and 9.42%, respectively (as an average of the two studied seasons) due to the triple application of boron, zinc and silicon.
No significant differences were found between the two concentrations of boron, zinc or silicon sprays. The highest values of these studied traits were obtained with the combined spray of boron, zinc and silicon followed by the spray with zinc alone. The C/N ratio of the shoots decreased in the order of spraying a combination of 0.025% boron, 0.050% zinc and 0.10% silicon > 0.20% silicon > 0.10% silicon > 0.10% zinc > 0.05% zinc > 0.050% boron > 0.025% boron > control.
Contrarily, the last corresponding values of these constituents were 10.46%, 1.25% and 8.34 for the control treatments. So, the respective increment percentages of these constituents attained 25.33%, 11.20% and 12.95 (as an average of the two studied seasons) due to the combined spray of boron, zinc and silicon compared to the spray of water.
Therefore, it could be concluded that using a combination of boron, zinc and silicon spray solution is very effective and achieves a beneficial improvement of the vigour and nutritional status of trees. 
3-Yield
It could be observed that the fruit retention percentage and yield of balady mandarin trees significantly increased with spraying a combination of boron, zinc and silicon as well as the single (spray) each element of compared to the spray of water (Table 3).
The greatest significant fruit yield was recorded for spraying the trees with a combined solution of boron, zinc and silicon followed single solutions of silicon, zinc and boron.
The maximum values of the fruit retention and yield were 1.70% and 48.16 kg/tree, respectively (as an average of the two studied seasons) which were recorded with using 0.025% boron, 0.050% zinc and 0.10% silicon for combination. However, the minimum values of the fruit retention and yield/tree were 1.44% and 36.41 kg/tree with the spray of water (control).
Hence the increment of fruit retention and yield/tree due to the spray of a combination of these three elements attained 18.06 and 32.27%, respectively (as an average of the two studied seasons) compared to the check treatments.
The yield/tree had a descending order of 48.16, 45.80, 44.94, 43.07, 42.09, 41.74, 40 .09 and 36.41 kg/tree (as an average of the two studied seasons) for the combined spray with 0.025% boron, 0.050% zinc and ISSN: 1110-0486 Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php E-mail: ajas@aun. edu.eg 212 0.10% silicon, 0.20% silicon, 0.10% silicon, 0.10% zinc, 0.050% zinc, 0.050% zinc, 0.025% zinc and water, respectively. Hence, the respective increment percentages of yield/tree attained 32.27, 25.79, 23.43, 18.29, 15.60, 14 .64 and 10.11% for these respective treatments compared the water spray (control). There were no significant differences of the fruit retention and yield/tree values between using two concentrations of each element in the spray solution. Moreover, no significant differences of these characters between using boron and zinc as well as using zinc and silicon.
It is clear that the combined use of boron, zinc and silicon as a spray solution has beneficial effects on C/N ratio and yield/tree. In addition, such treatment increased the yield and reduced the production cost.
4-Fruit Properties
Tables 3, 4 and 5 show the effect of boron, zinc and silicon foliar spray on fruit weight, fruit dimension, pulp percentage, total soluble solids, TSS/acidity ratio, sugar content and Vitamin C (V.C) contents as well as total acidity of Balady mandarin fruits during 2016 and 2017 seasons. In general, the obtained results took similar trend during the two studied seasons.
All studied treatments improved the fruit quality in terms of increasing the fruit weight, size, pulp percentage, total soluble solids (TSS), sugar and vitamin C contents and decreasing the total acidity compared to the control treatment.
Highest values of 147.44, 142.09 and 140.75 g for fruit weight, 11.89, 11.62 and 11.65% for TSS and 57.72, 54.77 and 53.87 mg/100 g for V.C. (as an average of both seasons) were obtained with the combined spray of boron, zinc and silicon, as well as the single spray of 0.20% silicon 0.20 and 0.10% silicon, respectively. On the other hand, the lowest values of fruit weight, TSS and V.C. were 125.41 g, 10.60% and 46.43 mg/100g, respectively (as an average of both seasons) which were recorded on the trees that were sprayed with water only.
Hence, the respective increment percentages of these fruit properties were 17.57, 13.30 and 12.23% for fruit weight, 12.17, 9.62 and 9.91% and for TSS 24.32, 17.96 and 16 .02% for V.C. (as an average of the two studied seasons) due to the respective treatments relative to the control one. Contrarily, using a combined spray of boron, zinc and silicon, single spray 0.20% and 0.10% silicon gave the lowest values of the total acidity (1.18, 1.22 and 1.24%, respectively) compared to the highest value 1.39% of the water spray (control). Therefore, the decrement percentages of the total acidity attained 15.11, 12.23 and 10.79% (as an average of the two studied seasons) due to the respective previous treatments compared to the water spray.
No significant differences were detected due to spraying boron and zinc as well as zinc and silicon.
Moreover, the combined spray of 0.025% boron, 0.050% zinc and 0.10% silicon gave higher improvement in the fruit characteristics than using the other foliar application treatments. Such foliar application program is very important for the fruit production of mandarin, since increasing of the fruit weight and size and improving the fruit quality induce an increase in the marketable yield.
Discussion
The effect of boron, zinc or silicon spraying on enhancement of growth and fruiting of Balady mandarin may be ascribed to enhance the ISSN: 1110-0486 Website: www.aun.edu.eg/faculty_agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg activity of photosynthesis, biosynthesis of IAA, nutrient uptake and carbohydrate or protein biosynthesis in leaves, which in turn encourage plant growth that are reflected on the growth promotion and yield (Nijjar, 1985; Matichenkov et al., 2000; Hafez and El-Metwally, 2007; Ahmed et al., 2009 and Ngullie et al., 2014) .
Using silicon in fruit orchards is beneficial because it counteracts the adverse stresses on growth and fruiting of trees. It increases drought tolerance and photosynthesis activity as well as encourage, the water transport and root growth and promotes antioxidants defense system of mandarin trees (Melo et al., 2003; Epstein and Boloom, 2003; Matichenkov et al., 2000; Hallorie et al., 2005; Dayer et al., 2008) .
The results of the current study clarifies that the foliar application of boron, zinc and silicon alone or in combination induces increases of 8. 89, 11.05, 12.71 and 19.19%, respectively the leaf area, 7.79, 7.31, 8.59 and 12.94% respectively in C/N ratio and 14.64, 18.29, 25.79 and 32.27%m respectively in the yield) of Balady mandarin trees. These results are in harmony with those obtained by Parveen and Rehman (2000) , El-Baz (2003) , Hassan-Al-Sayada (2004), Sarrwy et al. (2012) , Razzaq et al. (2013) , Ibrahim and Al-Wasfy (2014) and Mohamed-Shaimaa and El-Tanany (2016) .
The fruit quality improvement registered by the foliar spray of boron, zinc and silicon may be due to improving cell number and size through enhancing the fruit growth and nutrient uptake that accelerate the metabolic processes. Zinc has an important role in photosynthesis and related enzymes and regulates the carbohydrate metabolism. Boron stimulates the cell division and translocates the sugar, water and the biosynthesis of IAA. Silicon has an essential role in maintaining plant water balance and increasing photosynthesis activity and antioxidant defense systems (Nijjar, 1985; Matichenkov et al., 2000; Ma and Takahashi, 2002; Hafez and El-Metwally, 2007; Alloway, 2008; Gad El-Kareem, 2012; Ibrahim and Al-Wasfy, 2014; Nguillie et al., 2014) .
The results also show that spraying boron, zinc or silicon either alone or in combination causes increases of 8. 13, 9.26, 13.30 and 17.57%, respectively in fruit weight, 6.23, 9.24, 9.26 and 12.17%, respectively in TSS and 9.18, 13.24, 17.96 and 24.32%, respectively in V.C. content. These results came on line with those obtained by Ram and Base (2000) , Matichenkov et al. (2000) , El-Baz (2003) , Hassan-Al-Sayada (2004), Tariq et al. (2007) , Sajid et al. (2010) , Sarrwy et al. (2012) , Razzaq et al. (2013) , Ibrahim and Al-Wasfy (2014), Aly et al. (2015) and Mohamed-Shaimaa and El-Tanany (2016) . They revealed that there is a potential benefit is obtained from the foliar application of boron, zinc and silicon in the commercial production of citrus for their effective influence on yield and fruit quality.
Conclusion
From the obtained results, it can be concluded that spraying Balady mandarin trees grown under similar environmental conditions and horticultural practices adopted in the pre-sent experiment with 0.05% boron, 0.10% zinc and 0.20% silicon alone or a combination of 0.025% boron, 0.050% zinc and 0.10% silicon, three times during the growth season is a beneficial means in order to improve the productivity, fruit quality and nutritional status.
